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MAN-MADE VITREOUS FIBRE PRODUCTS FOR USE 
IN THERMAL INSULATION, AND THEIR PRODUCTION 

This invention relates to thermal insulation products 
based on man-made vitreous fibres (MMVF) and which are 
5 modified in a simple manner so as to give improved thermal 
insulation as indicated by a reduced X value . 

MMVF products are known for use in various 
environments for thermal insulation purposes. It is 
desirable to try to obtain the best thermal insulation 

10 properties available. Various methods for doing this have 
been suggested in the past. 

For instance, US 3,014,872 describes one method of 
improving fibre glass or mineral wool. This is done by 
blowing into the loosely matted product a powdered 

15 substance such as silicon, germanium, carbon black or 
fibrous potassium titanate. It is said to be essential 
that the powdered material is present in an amount of from 
20 to 50% by weight of the fibrous material and 25 wt.% 
silicon is exemplified. It is stated to be important that 

20 the particles have poor thermal contact with the fibres, 
since good thermal contact would increase thermal losses 
due to conduction, and that the silicon should adhere 
lightly to the fibres by electrostatic attraction. The 
product is used for insulation surrounding an oven in an 

2 5 improved electric range. 

WO92/09538 refers to US 4,101,335, which it states 
discloses a "fire resistant asbestos-free building board" 
comprising mica or a mixture of mica and standard 
vermiculite distributed in a calcium silicate binder. 

30 US 4,919,995 describes the use of gold-coated mica 

flakes having thickness approximately 1 micron and area a 
few hundredths of a square millimeter which are distributed 
throughout a heat insulating device formed from quartz wool 
or mineral wool. It appears that the flakes must be 

35 arranged in a defined pattern (juxtaposed and overlapping) 
and are oriented so that they are perpendicular to the 
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expected direction of travel of heat. Proportions of these 
flakes in the product are not specified. 

As long ago as 1939 it was suggested in DK 56910 to 
use aluminium powder as a reflecting substance to improve 
thermal insulation of insulating materials made of glass 
filaments and similar filaments such as silicate, mineral 
and slag filaments. This material is stated to be valuable 
at high temperatures. Amounts and sizes are not specified 
although amounts of other additives are given. These are 
approximately 33% or approximately 0.5%. 

It is well known to laminate MMVF products with sheets 
comprising metal such as aluminium with the intention of 
improving thermal insulation purposes. An example is JP-A- 
07/280, 171. 

The inclusion of metallised polymeric films, in which 
metallisation can be by aluminium, tin, nickel or zinc, is 
disclosed in JP-A-63 /293 , 399 . US 4,755,313 describes a 
system in which reflective fibres which are formed from 
metal or are coated in metal are included in a product. 
The coating can be aluminium. The product may also contain 
what is described as "insulating powder" and Si0 2 , Ti0 2 and 
A1 2 0 3 are suggested for this. Various other publications 
have suggested metal coated fibres for similar purposes. 
These include DE 4,024,488 and DE 3,925,526. 

A different type of product is described in EP-B- 
500,900. This is produced by producing glass wool panels 
and subjecting them to vacuum whilst encapsulating them. 
A particulate material in included which must have a 
surface area at least 50 m 2 /g (by BET) . Fumed and 
precipitated silica are exemplified and preferred, although 
other silicas and graphite are mentioned in the 
description. The very fine particles are important in the 
context of this type of vacuum produced product. The 
product must be free of binder, especially organic binder. 

US 3,793,204 is also in a different area and does not 
concern low density, air-laid products. Instead it 
concerns the production of a molded composite of high 
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density, also for insulation purposes. This states that 
it is known to add titanium oxide particles to fibrous 
insulators of this type to attenuate radiation through 
absorption and scattering. 
5 Various other suggestions have been made for inclusion 

of additives in mineral fibres so as to improve their 
thermal insulation properties . For instance, JP 06/034,093 
describes lamination of a product with gold foil. US 
4,836,837 provides layers of copper oxide on glass fibres. 

10 GB 1,549,657 is similar and provides a layer of copper, 
cobalt, iron, chromium, manganese or nickel in metallic or 
oxidic form on glass fibre surfaces. 

Despite all of these various suggestions, it remains 
desirable and commercially important to be able to provide 

15 a product which has improved insulation properties and can 
be made in a simple and convenient manner, in particular in 
a manner which allows production to take place without 
major modification of the equipment and processes currently 
in use for producing the MMVF product. As far as we are 

20 aware, none of the suggestions discussed, apart from those 
concerning lamination with various layers, have proved 
technically or commercially useful. 

According to the invention we provide a thermal 
insulation product comprising air-laid MMVF material 

2 5 throughout which a particulate additive is distributed 

substantially homogeneously, characterised in that the 
additive is selected from the group consisting of silicon, 
aluminium, mica, silica, titania and mixtures thereof and 
the particulate additive is held in the MMVF material by 

3 0 being bonded to the surfaces of the MMV fibres by a binder. 

We find that the selection of this particular group of 
materials is surprisingly beneficial in reducing X value. 
In particular, we find that the construction of the 
invention allows excellent reduction in A value at very low 
3 5 levels of particulate additive, in particular lower levels 
than those described in the prior art. 
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Of the selected materials, we find that silicon, 
aluminium and mica, especially silicon and aluminium, and 
in particular aluminium, are especially beneficial. When 
aluminium is used it can be used as powder or flakes, 
5 preferably flakes. 

In the invention it is essential that the particulate 
additive is bonded into the MMVF product with a binder. 
This is contrary to suggestions in the prior art in, for 
instance, US 3,014,872 which teaches that limited contact 
10 is important. 

The MMVF product may be a bonded product, in which 
case part or all of the binder for the product can 
conveniently also serve as binder for the additive. 

Alternatively, a separate binder for the additive may 
15 be provided. 

The product may be a granulate, but a preferred 
thermal insulation product according to the invention 
comprises a layer which is an air-laid MMVF batt or batt 
stratum through which the particulate additive is 
20 distributed substantially homogeneously. 

The product may comprise only MMVF which contains the 
additive or may have MMVF regions without it (eg in the 
case of a batt having an additive-containing layer) . 
Preferably the MMVF part of the product consists 
25 essentially of MMVF having homogeneously distributed 
additive . 

This product may comprise a batt having the additive 
distributed substantially homogeneously throughout most or 
all of the batt, in which event the defined layer 

30 substantially has the thickness of the batt. However the 
products of the invention include those in which the layer 
is a stratum of the batt, that is to say that it is a layer 
within a batt. For instance the batt stratum, that is to 
say the layer which contains the particulate additive, may 

35 be from 10 to 80%, often 10 to 20% or 50%, of the thickness 
of the entire batt. Batts of the invention may comprise 
more than one layer in which the particulate additive is 
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homogeneously distributed. The layers are disposed 

perpendicular to the expected direction of heat transfer. 

The particulate additive can be distributed uniformly 
throughout the layer or there may be a concentration 
5 gradient. Irrespective of whether or not there is a 
concentration gradient, the additive is distributed 
substantially homogeneously in the sense that it should be 
sufficiently uniformly distributed throughout the volume of 
the product to minimise the risk of significant amounts of 

10 radiation being able to pass through the level without 
encountering the additive. Accordingly the areas of the 
layer which are substantially free of additive should be as 
low as possible. 

It is possible, with the invention, to obtain a 

15 significant improvement (reduction) in X by including the 
additive. For instance it is easy, by the invention, to 
reduce the X value of a batt by at least 0.5 units (e.g. 
from 35.5 mW/mK down to 35.0) and generally by at least 0.8 
or 1 unit (e.g. 1 to 3 units or more) . 

20 In general it is well-known that air-laid MMVF 

insulation products generally show a decrease in X as 
density increases (to an eventual minimum at very high 
density) . Thus in the invention it is possible to provide 
a product of equivalent density but lower X and hence 

25 better thermal insulation, or a product with equivalent X 
and thermal insulation properties at lower density. 
Further, a lower thickness can be used to give equivalent 
insulation value. Thus it is possible to improve 
insulation properties in a given situation, which is of 

30 course beneficial, and it is also possible to obtain 
equivalent insulation behaviour with a lower density 
product or with a lower thickness of insulation. The 
latter system is of particular value for use in aeroplanes 
and other vehicles because of the ability to reduce weight 

3 5 and thus reduce fuel requirements for the vehicle. 

The ability to provide lower density also gives 
transportation and storage advantages. Lower density 
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products have greater compressibility. However, they also 
retain good recovery. Therefore a lower density product 
can be compressed to reduce its volume for transportation 
and then recover substantially all its original thickness 
5 for use (in particular to the thickness of an equivalent 
product without additives) - The invention allows the 
achievement of lower density (and hence higher 
compressibility) at equivalent or even better A value. 
For instance, a product according to the invention and 

10 containing aluminium can be provided at a density of 29 
kg/m 3 with A 10 of 3 5 mW/mK, in contrast to a product not 
containing any aluminium which has density of 34 kg/m 3 but 
the same A value. The compressibility of the 34 kg/m 3 
product is 22% whereas the compressibility of the 29 kg/m 3 

15 product is 30%. Thus the 29 kg/m 3 product may be 
transported more efficiently and does not have impaired 
recovery . 

Thus preferred products of the invention, especially 
products which are a batt, are products which have been 

20 compressed by at least 25%, preferably at least 30%. The 
density before compression is preferably not more than 3 0 
kg/m 3 . The product is preferably releasably compressed, ie 
when the compression force is removed it recovers 
substantially all of its pre-compression thickness (for 

25 instance at least 70% of its pre-compression thickness) . 
Such compressed products are often usefully produced for 
transportation and storage purposes. The invention also 
includes the production of a product of the invention, 
especially a batt product, having density of not more than 

3 0 3 0 kg/m 3 and compression of that product by at least 2 5%, 
preferably at least 3 0%. The A 10 of the pre-compressed 
product is preferably not more than 4 5 mW/mK, more 
preferably not more than 40 mW/mK, or even more preferably 
not more than 3 7 mW/mK. 

35 The amount of particulate additive in the product or 

layer is usually at least 0.2% by weight of the product in 
order to give a useful increase in performance, and is 
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generally at least about 0.4 or 0.5% by weight. Preferably 
it is at least 1% by weight. The amount is generally not 
more than 15%, preferably not more than 10%. It can be not 
more than 6%. For rock, stone or slag wool fibres in 
5 particular the amount is preferably lower. In this case 
the amount is preferably not more than 10%, more preferably 
not more than 7% or 6%. It is particularly surprising in 
view of the disclosures in prior art references of the 
necessity for amounts of 2 0% or greater that with the 

10 selection of products into which the particulate additive 
is bonded we can achieve excellent results with such low 
amounts. Preferred amounts are from 0 . 5 to 10%, preferably 
1 to 6% by weight of the product. 

The MMV fibres can be any man-made vitreous fibres 

15 which are suitable for the production of low density 
thermal insulation. Accordingly the fibres can be glass, 
rock, stone or slag fibres. The fibres can have any 
suitable dimensions, for instance those which are 
conventional in the production of low density and thermal 

2 0 insulation products. Generally the average fibre diameter 
is below 10 /urn, eg below 5 /xm, and can be the same as 
conventional fibre diameter or less. 

According to the invention particularly beneficial 
results can be achieved by selecting the particle size 

25 range for the particulate additive. 

Particle size can be measured by a laser scattering 
technique. Suitable equipment for such techniques include 
those available from, e.g., Malvern Instruments and 
Sympatec Helos. The laser scattering technique provides 

30 various size and size distribution properties. In the 
invention the average particle size is the volume median 
diameter, often described as d 50 . This is the median value 
in the volume distribution calculated by the laser 
scattering method. This value is commonly used by 

35 suppliers of particulate materials to denote average 
particle size. 
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Preferably this average particle size is not more than 
100 /xm, more preferably not more than 2 0 /xm and in 
particular not more than 10 fjim, especially not more than 5 
/xm. Particularly good results can be achieved with 
5 particles of average size not more than 4 /xm, and in 
particular not more than 3 /xm. 

The average particle size is usually at least 0.01 /xm 
and generally at least 0.1 or 0.5 /xm. Best results are 
generally obtained when the average particle size is 
10 between about 0.5 and 10 /xm, preferably about 1 to 3 or 4 
(Jim. 

It is also preferred that the d 90 value (ie 90% of the 
particles in the volume distribution are below this value) 
is not more than 20 /xm, in particular not more than 10 /xm, 
15 preferably not more than 8 /xm. Particularly good results 
can be achieved when d 90 is not more than 6 /xm. 

Preferably d 10 (ie 10% of particles in the volume 
distribution are below this value) is at least 0.1/xm, more 
preferably at least 0.5/xm, in particular at least 0.8 or 
2 0 1/xm. 

Good results can also be achieved by selecting 
appropriate surface area values, in particular in 
combination with the preferred particle size ranges above. 
Surface area can be calculated from the laser scattering 

2 5 measurements obtained by the above methods. In this case, 

surface area is generally above 0.1 m 2 /g, preferably above 
0.5 m 2 /g. Preferably it is at least 0.8 m 2 /g. It may range 
up to 10 m 2 /g or higher. 

An alternative and preferred method for measuring 

3 0 surface area is the well known BET method. This provides 

a specific surface area value. When measured by this 
method the surface area is generally above 0.5 m 2 /g, 
preferably above 1 m 2 /g. More preferably it is at least 5 
m 2 /g, most preferably at least 10 m 2 /g. It may range up to 
35 20 m 2 /g or higher, and is preferably not more than 30 mVg, 
more preferably not more than 20 m"/g. 
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When the particulate additive comprises aluminium, or 
mica, these may be in the form of powder or, preferably, 
flakes. These generally have surface area of from 2 to 10 
m 2 /g (BET) . The other additives are preferably in the form 
5 of powder- The additives, especially silicon, may be 
coated, for instance with acrylic polymer. 

The batt or granulate generally consists substantially 
only of MMV fibres, the particulate additives, binder and 
minor additives such as oil. It is usually free of 

10 combustible or organic fibres. 

The granulate or batt, and (in a batt product) the or 
each layer which consists of part or all of the thickness 
of the batt, must be low density, and in practice usually 
has a density of below 3 00 kg/m 3 and preferably below 150, 

15 and most preferably below 120 kg/m 3 . Density is usually at 
least 5, preferably at least 7 kg/m 3 . Preferably it is 
from 10 to 150 kg/m 3 . 

We find that particularly good improvements in A value 
can be obtained when the density is 60 kg/m 3 or less, for 

20 instance not more than 4 0 kg/m 3 , in particular not more 
than 3 0 kg/m 3 . Suitable applications for materials having 
density in this range are general building insulation. The 
invention can thus be beneficial in applications in which 
the product is required to have very low density, such as 

25 flight insulation (eg from 10 to 20 kg/m 3 ) . The density 
may be below 10 kg/m 3 , for instance from 5 to 8 kg/m 3 . 

The invention also gives benefits in products having 
density greater than about 4 0 kg/m 3 and these include 
building insulation products where high strength is 

30 required, lamellar products and technical insulation. 

An advantage of the invention is that it may be 
applied at a wide range of temperatures. The products may 
be used for high temperature insulation above 3 00°C, for 
instance up to 500 or 800°C. However the products are also 

35 useful for improving insulation properties at low 
temperatures, for instance down to -80°C, for instance down 
to -20°C. It is particularly beneficial and surprising 
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that the additives give improved insulation across this 
entire range. 

One preferred range for use in the invention is from 
-80°C to 30°C. Products of the invention can be used at 
such temperatures in applications such as flight insulation 
and cold storage. 

The invention is also useful for applications such as 
building insulation, and technical insulation (e.g. 
insulation of pipes for hot water or ventilation) at 
temperatures of from -30 to 100°C. 

A further range of high temperatures at which the 
invention is useful is from 80 to 300°C. Suitable 
applications include technical insulation (.e.g. for 
boilers and steam pipes) . 

The invention may especially be used to give effective 
insulation at temperatures above 300°C, for instance up to 
500°C and even up to 800°C. 

Suitable amounts of binder are 0.1 to 2 0 or 10%, 
generally 0.5 to 7%, preferably 1 to 5%, by weight binder 
solids based on the dry weight of the product. The binder 
is applied as an aqueous solution and the additive can be 
included as a suspension in this solution. 

The binder for the additive can be inorganic such as 
sodium or potassium or lithium silicate, silicophosphate, 
monoaluminium phosphate or silica sol. 

Often the binder for the additive is organic and can 
be any of the conventional curable binders which are known 
for MMVF batts. Suitable binders include curable and non- 
curable binders and examples are those based on phenol, 
urea, resorcinol, furanic binders or melamine, and in 
particular resins formed by reacting the above with 
formaldehyde. Curable and non-curable acrylic binders, 
polyvinyl acetate, polyamides, polyimides, polyamides/- 
imides, polyesters, modified starches, chitosan, dopa, 
tannin, xanthan and other gums, cellulose derivatives, 
alginates, thermoplastics and mixtures thereof may be used. 
The amount of organic binder is usually not more than 20%, 
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preferably not more than 10%, and generally not more than 
7%, with preferred amounts being below 5%. These 
percentages are by weight binder solids based on the dry 
weight of the product. Inorganic and organic binders may 
also be used in combination. The additive can be included 
as a suspension in the aqueous binder. 

The dry weight of total binder in the final batt is 
preferably below 10%, usually below 7%, and more preferably 
below 4 or 5% by weight. 

We find that the amounts of binder which are used are 
slightly greater than those which would be required for 
equivalent products without the selected additive. In 
particular, we find that additional binder in an amount of 
around 0.1 to 1, preferably 0.1 to 0.5, more preferably 0.2 
to 0.3 (eg about 0.25) parts binder per part additive is 
required in addition to the standard amount which would be 
used in the absence of additive. Total amounts of binder 
are often at least 0.5 or 1% by weight of the total 
product. 

In the invention we find it is not necessary (as for 
instance in US 4,919,995 above) to orient the particles of 
additive or prearrange them within the product. In the 
invention they may be and preferably are randomly oriented 
within the product and, if the product is a batt, within 
the or each layer or the batt. 

The thermal insulation product may consist solely of 
the batt or granulate. Thus it can consist of either the 
batt containing the particulate additive distributed 
throughout its thickness or a batt stratum which contains 
particulate additive and which is integral with the 
remainder of a batt which is otherwise free of particulate 
additive. However if desired a batt product can comprise 
other materials, for instance one or more other air-laid 
MMVF batts and/ or decorative or structural materials such 
as foil. 

The term M batt M includes very flexible roll products 
such as those used for insulation for pipes or boiler 
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insulation, as well as less flexible (or even inflexible) 
products, for instance those in the form of slabs. 

The batt product can be shaped in conventional shapes, 
for instance pipe sections for use as insulation for pipes 
5 or for boiler installations or for general building 
insulation. Accordingly, the product can have shapes such 
as cylindrical, part cylindrical or substantially 
rectangular slabs and rolls. 

The invention is also useful when the product is not 

10 in the form of a batt but is in the form of granulated 
material such as is used for general building insulation. 
These materials are generally formed by granulating pre- 
formed batts and are thus produced by a process comprising 
formation of a batt. 

15 Although the products of the invention are 

particularly beneficial in thermal insulation applications, 
they may also be used in other applications for which MMVF 
products are known, for instance fire protection and 
prevention and acoustic insulation. 

20 The batt can be made in conventional manner, for 

instance by forming a cloud of man-made vitreous fibres 
entrained in air by fiberising mineral melt into an air 
stream and air-laying the fibres on to a collector as a 
web, and converting the web to a batt in conventional 

25 manner. This conversion can involve, for instance, cross- 
lamination of the web and drying, melting or curing of any 
binder that is present. 

In the invention, particulate additive can be 
distributed through some or all of the thickness of the 

30 eventual batt by including it in part or all of the cloud 
of fibres as they are formed and collected. Depending on 
how the particulate additive is distributed within the 
cloud, it will then be distributed uniformly throughout the 
web or will be distributed through part only of the web. 

3 5 It is then possible, in conventional manner, to form a batt 
which either has particulate additive distributed 
throughout its thickness or through part only of its 
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thickness. Suitable systems include those described in our 
International Patent Application number PCT/EP99/02149 . 

The additive can be included in the cloud of fibres 
either by injecting it into the cloud, either from around 
or from within the cloud, or by injecting the additive into 
the cloud during the formation of the fibres. 

For instance the mineral melt is generally fiberised 
using either a centrifugal fiber ising apparatus such as a 
disk or cup which rotates about a substantially vertical 
axis or a cylinder or disk which rotates about a 
substantially horizontal axis. In the latter case it is 
usually a cascade of cylinders which is used. This 
initially forms an annular cloud of fibres, and the 
additive can be injected into this annular cloud from the 
centrifugal fiberising apparatus. 

Preferred apparatus and methods are described in our 
International Patent Publications W097/20779 and 
WO97/20781. These apparatus and methods are particularly 
useful when the additive has particle size from 5 microns 
and up. 

Finer particles may be distributed using a 
conventional centrifugal distribution means which is 
attached to and rotates coaxially with one or more of the 
cylinders, or via spray nozzles placed inside or outside 
the annular cloud (such as are used as conventional binder 
supply nozzles) . 

This process of the invention is especially beneficial 
because the particulate additive is added in simple and 
convenient manner. There is no need to devise additional 
processing steps, for instance for arranging the particles 
in the product (as is necessary in US 4,919,995). 
Furthermore, uniform and homogeneous distribution of the 
additive is promoted by its inclusion during formation of 
the fibres, rather than after collection (as in US 
3 , 014 , 872) . 

The additive may be added as a powder or as a slurry 
in water or as a slurry in aqueous binder. The aqueous 
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binder may be the binder for the batt or a separate aqueous 
binder solution. Part of the additive may be added with 
the binder for the batt and part added with a separate 
binder solution. We find surprisingly that including the 
5 additive in this simple manner by means of apparatus which 
is conventionally available for inclusion in MMVF 
production equipment gives excellent results without the 
need to orient or place the particles within the product. 
We find benefits when the additive is added as a 

10 slurry in a liquid in which is included a dispersing agent. 
Preferably the amount of dispersing agent in the slurry is 
0.1 to 2%, preferably 0.1 to 1.0%, dry weight dispersing 
agent based on weight of slurry. 

The slurry can also include defoamer (antifoaming 

15 agent) in an amount of from 0.01 to 2 wt %, preferably 0.1 
to 1.0 wt %, by weight of slurry, and/ or 0.05 to 1 wt %, 
preferably 0.1 to 0.5 wt %, by weight of slurry, of anti- 
settling agent. 

When the slurry is added separately from the binder 

2 0 for the product, the amount of additive in the slurry is 
from 10 to 60%, preferably 20 to 50% by weight additive 
based on weight of slurry. When the additive is added with 
the binder for the product a slurry of this concentration 
is generally first produced and then mixed with the binder 

2 5 for the product. In that case, the eventual amount of 

additive in the slurry applied to the fibres may be as low 
as 0.5% but is often at least 0.8% and preferably at least 
2%. 

Another (less preferred) way of making the products of 
30 the invention is by collecting the web of fibres (without 
prior addition of additive) and then impregnating the 
additive into the web, for instance on the collector, and 
then converting the web to a batt. 

Another way of making the products is by forming a 

3 5 batt in conventional manner, for instance as described 

above, and then impregnating part or all of the thickness 
of the batt with the additive. This method is less 
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preferred, as uniform distribution can be difficult to 
obtain, except for thin layers. 

In these techniques also the additive may be added as 
powder or as a slurry in water or as a slurry in aqueous 
5 binder (either the binder for the batt or a separate 
aqueous binder solution) . It is essential that the 
additive is bonded to the surfaces of the fibres. 

We find that the proportion of additive in the final 
product (wt.% based on weight product) is usually slightly 

10 lower than the proportion included in the process (wt.% 
based on fibres forming) . Thus usually the proportion 
included in the process is approximately 1.3 times the 
final proportion required in the product, ie about 75% of 
the amount added appears in the product. 

15 The additives may be included by the process described 

in our co-pending Application No. PCT/EP99/... (reference 
PRL04286GB) , the disclosure of which is incorporated 
herewith by reference. In this process the additive is 
included using apparatus comprising 

20 a set of at least three rotors mounted on a housing 

each for rotation about a different substantially 
horizontal axis and arranged such that when the rotors are 
rotating melt poured onto the periphery of the top rotor in 
the set is thrown onto the periphery of each subsequent 

2 5 rotor in turn and fibres are thrown off the rotors, 

air supply means for blowing the fibres axially along 
the chamber and which comprise a primary air supply slot 
associated with each subsequent rotor wherein each slot has 
an internal diameter substantially the same as the external 
30 diameter of the periphery of its associated rotor and is 
constructed for discharging a primary air blast 
substantially parallel to that periphery as a wall jet, and 

additive supply means on or adjacent the spinner, 
preferably at least one additive discharge orifice on each 

3 5 (or any) of the subsequent rotors positioned within the 

periphery of the rotor and rotating with the rotor, for 
spraying additive outwardly onto the fibres as they are 
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thrown off the rotor and are carried forward from the 
rotor , 

and in which process fibres are formed by pouring melt 
onto the top rotor while the rotors are rotating, the air 
5 blasts are being discharged and the additive is being 
sprayed outwardly, and thereby forming a cloud of fibres 
and additive travelling forwards from the spinner, and 
collecting the fibres and additive from the cloud as a web, 
and if necessary converting the web to the insulation 
10 product, 

and in which each air blast emerges from the air 
supply orifice with a velocity of at least lOOm/sec. 

The additive and the product may have any of the 
preferred features discussed above. 
15 we find that this process provides even greater 

improvements in X value. 

Typical products of the invention made from rock, 
stone or slag wool by centrifugal fiber ising apparatus 
(such as a cascade spinner) comprise 60 to 75 wt% fine 
20 mineral fibre, 2 to 4 wt% binder and 23 to 36 wt% shots 
(for instance having an average size above 63 ^m) . 

The products of the invention may also contain (bonded 
to the MMVF product) graphite particles in addition to the 
additives defined above. Inclusion of graphite is 

25 described in our co-pending Application No. PCT/EP99/... 
(reference PRL04 151GB) and its disclosure is incorporate 
herein. Preferred ratios of graphite: other additives are 
1:99 to 50:50, more preferably 5:95 to 40:60. 
The following are examples. 
3 0 Example 1 

73 kg of a 20% aqueous, phenolic curable binder is 
mixed with 77 1 tap water followed by 1.4 kg dispersing 
agent which is a sodium salt of maleic acid-olefin 
copolymer (available from BASF under the tradename 
3 5 Pigmentverteiler MD 20) and 0.4 kg defoamer which is an 
aromatic mineral oil with added silica and acrylic polymer 
(available from Henkel-Nopco under the tradename NOPCO 
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8034-M) . The liquid is slowly mixed for 5 min. 51 kg 
particulate additive is slowly added while stirring. The 
rate of stirring is increased and the batch is dispersed 
for 15 min. This dispersion is stable for several days. 
5 A mineral melt is f iberised using a cascade spinner of 

conventional type having at least three substantially 
cylindrical rotors mounted for rotation about a horizontal 
axis, whereby melt poured onto the top rotor is thrown from 
one rotor to the next in series and is fiberised. An 

10 airstream flows from the rotors in conventional manner to 
carry the fibres as a cloud towards a permeable inclined 
collector, where the fibres are collected as a web in 
conventional manner . 

The aqueous binder and additive slurry is injected 

15 into the cloud as it is formed using the conventional 
binder supply tubes on the fibre forming apparatus. 

The web is then cross-lapped to form an uncured batt. 
This is then passed through an oven to cause curing. 
Example 2 

20 Various tests are carried out using different 

particulate additives, added using a process essentially as 
in Example 1. In the reference test no additive was 
included. In Test 1 , 6 wt.% (added based on amount of wool 
produced) Si0 2 (average size 0.15/zm, surface area 20 m 2 /g 

2 5 by BET) is added to the product. In Test 2 , 4 wt.% (added 
based on total wool produced) Ti0 2 (average size 3fxm) is 
added. In Test 3 , 4.5 wt.% (added based on total wool 
produced) silicon (average size 3.5/zm, surface area 1.1 
m 2 /9 by laser scattering) is added. In Test 4 , 4 wt.% 

30 (based on total wool produced) mica (average size Sfim, 
surface area 8.4 m 2 /g b Y laser scattering) is added. In 
Test 5 , 4 wt.% (based on total wool produced) aluminium 
powder (average size 6/im, surface area 1.2 m J /g by laser 
scattering) is added. In each case, the proportion of 

35 additive in the final product is lower by a factor of about 
0.75. The thermal conductivity of each of the products 
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was measured at 10°C in accordance with the ISO 8301 norm. 
Results are shown in Table 1. 
Table 1 



Sample 


P 

[kg/m 3 ] 


X 

measured 
[mW/mK] 


AX 


Ref 1 


28 . 7 


36.2 




Test 1 (silica) 


28.4 


35 . 8 


0.4 


Test 2 (titanium dioxide) 


30.3 


35 . 9 


0. 3 


Test 3 (silicon) 


25.5 


34 . 7 


1.5 


Test 4 (mica) 


26.5 


35.4 


0.8 


Test 5 (aluminium powder) 


29 . 1 


34 . 9 


1.3 



Other suitable combinations of additives are as 
follows : 

(a) 6 wt.% Si0 2 , average size 0.15 fim, surface area 20 
m2/g by laser scattering. 

(b) 6 wt.% Ti0 2/ average size 5 /Ltm. 

(c) 4.5 wt.% silicon, average size 3.5 fim, surface area 
6.2 m 2 /g by laser scattering. 

(d) 4 wt.% mica, average size 2 ^ , surface area 8.4 m z /g 
by laser scattering. 

Example 3 

141 kg of a 2 0% aqueous, phenolic, curable binder 
mixed with 152 1 tap water followed by 3.3 kg dispersing 
agent and 4 . 0 kg defoamer. The liquid is slowly mixed for 
5 min. 94 kg silicon having a mean particle size of 3 . 5/xm 
is slowly added while stirring. The rate of stirring is 
increased and the batch is dispersed for 15 min. 

The aqueous binder and silicon slurry is injected into 
the cloud of fibres as it is formed using the conventional 
binder supply tubes on the fibre forming apparatus. 
Example 4 

Further tests are carried out using graphite and other 
additives, added substantially as in Example 1. Results 
are in Table 2 below. 
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Table 2 



Sample 


Additive 


Density 
(kg/m 3 ) 


X measured 
(mW/mK) 


AX 

(mW/mK) 


Ref 2 




29. 5 


35.4 




Test 3 


3 wt.% graphite 

4 wt.% silica 


29.4 


33.8 


1.6 


Test 4 


4.5 wt.% graphite 
6 wt.% silicon 


27.3 


32.8 


2.6 
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CLAIMS 

1. A thermal insulation product comprising air-laid MMVF 
material through which particulate additive is distributed 
substantially homogeneously, characterised in that the 
5 particulate additive is selected from the group consisting 
of silicon, aluminium, mica, silica and titania and 
mixtures thereof and the particles of additive are held in 
the product by being bonded to the surfaces of the MMV 
fibres by a binder. 
10 2. A thermal insulation product according to claim 1 
which comprises a layer which is an air-laid MMVF batt or 
batt stratum and the particulate additive is distributed 
substantially homogeneously throughout the layer. 

3. A product according to claim 1 or claim 2 in which the 
15 particulate additive has a volume median particle size d 50 

measured by a laser scattering technique of not more than 
12/x™, preferably not more than 5^m, more preferably not 
more than 3/im. 

4. A product according to claim 1 or claim 2 in which the 
20 particulate additive has a volume median particle size d 50 

measured by a laser scattering technique of at least 0.5 
(jim, preferably at least 1 /i.m. 

5. A product according to any preceding claim in which 
the particulate additive has a surface area measured by a 

25 laser scattering technique of at least 0.5 m 2 /g, preferably 
at least 0.8 m 2 /g, more preferably at least 1 m 2 /g. 
6 A product according to any preceding claim in which 
the particulate additive has specific surface area measured 
by BET of at least 0.5 m 2 /g, preferably at least 5 m 2 /g, 

30 more preferably at least 15 r/g. 

7. A product according to any preceding claim in which 
the particulate additive has specific surface area measured 
by BET of not more than 30 m 2 /g, preferably not more than 
20 m 2 /g. 

35 8. A product according to any preceding claim in which 
the MMVF material is bonded by a binder, preferably organic 
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binder, and the particulate additive is held in the product 
by this binder. 

9. A product according to claim 8 containing binder in an 
amount of from 0.1 to 2 0% of the MMVF material. 

10. A product according to any preceding claim in which 
the amount of additive is at least 0.2%, preferably at 
least 0.5%, and more preferably at least 1% by weight based 
on weight of the MMVF material through which it is 
distributed homogeneously. 

11. A product according to any preceding claim in which 
the amount of additive is not more than 15%, preferably not 
more than 10% by weight based on weight of the MMVF 
material through which it is distributed homogeneously. 

12. A product according to any preceding claim which has 
a density of from 5 to 3 00 kg/m 3 , preferably not more than 
150 kg/m 3 , more preferably not more than 60 kg/m 3 , most 
preferably not more than 4 0 kg/m 3 . 

13. A product according to claim 2 which has been releasably 
compressed by at least 25%, preferably at least 30%. 

14. A product according to claim 1 which is a granulated 
MMVF product. 

15. Use of a product according to claim 1 as a thermal 
insulation product, preferably at a temperature of from -80 
to 800°C. 

16. Use according to claim 15 at a temperature of from -80 
to 30°C. 

17. Use according to claim 15 at a temperature of from -30 
to 100°C. 

18. Use according to claim 15 at a temperature of from -2 0 
to 300°C. 

19. Use according to claim 15 at a temperature of from 80 
to 800°C. 

20. A process of making a product according to claim 1 or 
claim 2 comprising forming a cloud of man-made vitreous 
fibres entrained in air by fiberising mineral melt into an 
air stream, including the particulate additive in part or 
all of the cloud of fibres, air-laying the fibres and 
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additive on a collector as a web, and converting the web to 
a batt. 

21 . A process according to claim 20 in which the 
particulate additive is included in an amount of at least 

5 0*2%, preferably at least 0.5%, more preferably at least 
1%, by weight based on weight of fibres produced. 

22. A process according to claim 20 in which the 
particulate additive is included in an amount of not more 
than 15%, preferably not more than 10%, more preferably not 

10 more than 7%, by weight based on weight fibres produced. 

23. A process according to claim 2 0 in which the 
particulate additive is included in the cloud as a 
dispersion of additive in aqueous binder for the batt. 

24. A process according to claim 20 in which the 
15 particulate additive is included in the cloud as a 

dispersion of additive in aqueous binder separate from the 
binder for the batt or as a slurry in water. 

25. A process according to claim 20 in which the additive 
is included in the cloud as a dispersion of additive in 

20 aqueous binder or in water, in which the dispersion also 
contains a dispersing agent, preferably in an amount of 
from 0.1 to 2% by weight of the dispersion. 

26. A process according to claim 2 0 in which the additive 
is included in the cloud as a dispersion of additive in 

25 aqueous binder or in water, in which the dispersion also 
contains a defoamer, preferably in an amount of from 0.01 
to 2% by weight of the dispersion. 

27. A process according to claim 20 in which the additive 
is included in the cloud as a dispersion of additive in 

3 0 aqueous binder or in water, in which the dispersion also 
contains an anti-settling agent, preferably in an amount of 
from 0.05 to 2% by weight of the dispersion. 

28. A process according to claim 20 additionally 
comprising compressing the batt product by at least 25%, 

35 preferably at least 30%. 

29. A product according to any of claims 1 to 14 , a use 
according to any of claims 15 to 19 or a process according 



WO 00/17121 



PCT/EP99/07121 



23 

to any of claims 20 to 28 in which the additive is selected 
from the group consisting of silicon, aluminium and mica. 

30. A product, use or process according to claim 29 in 
which the additive is silicon or aluminium. 

31. A product, use or process according to claim 29 in 
which the additive comprises aluminium in the form of 
flakes . 
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